easurements of pulse wave velocity (PWV) are useful for evaluating aortic stiffness, which has been shown to be associated with traditional risk factors. [1] [2] [3] [4] [5] Aortic stiffness, but not stiffness of peripheral muscular arteries, also has been noted to predict not only primary coronary events and fatal stroke in a variety of disease conditions, such as end-stage renal disease, 6 hypertension 7 and diabetes, 8 but also cardiovascular mortality in the general population. 9-11 Although conventional techniques for measuring carotid-femoral PWV are non-invasive, sophisticated methods, they are inconvenient, particularly in large clinical trials. Recently, brachial-ankle (ba) PWV has been developed as a more simple, practical, reproducible procedure to assess both the central elastic and peripheral muscular arterial stiffness. 12,13 It has been reported that the baPWV is closely correlated with aortic PWV and leg PWV, 13 is associated with risk factors and organ damage in the presence of cardiovascular diseases, [14] [15] [16] and has a prognostic value for future cardiovascular events in patients with acute coronary syndrome. 17 Thus, the measurement of baPWV is suitable, especially for screening vascular damage in a large population and when assessing vascular damage in long-term follow-up studies.
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Recent studies suggest that 3-hydroxy-3-methylglutaryl coenzyme A reductase inhibitors (ie, statins) act to exert direct beneficial effects on myocardial ischemia and hypertrophy, coronary vasomotion and vascular smooth muscle cell proliferation, and reduce adverse cardiovascular events in patients at risk through not only the lipid-lowering action but also the lipid-independent anti-atherogenic properties; that is, the so-called pleiotropic effects. Although fluvastatin, but not pravastatin or non-statin antihyperlipidemic agents, has been noted to improve aortic stiffness in association with decreased serum lipid and C-reactive protein (CRP) levels over a treatment period of 12 months, 18 its effect over longer treatment periods has not yet been clarified. Thus, the present study was designed to test the hypothesis that fluvastatin might improve arterial stiffness assessed by PWV in patients with coronary artery disease (CAD) and hyperlipidemia over a much longer treatment period. We also investigated whether arterial stiffness improved in patients whose drugs had been switched from non-statin antihyperlipidemic agents to fluvastatin. in a prospective, randomized, single-blind, single-center study. Patients were enrolled in the study if they fulfilled the following inclusion criteria: (1) Presence of organic or functional CAD diagnosed by coronary angiography; (2) Presence of hyperlipidemia with serum total cholesterol (TC) ≥220 mg/dl, triglycerides (TG) ≥150 mg/dl or both; (3) Receiving no treatment with antihyperlipidemic agents, such as statins, bezafibrate and probucol; (4) Absence of sustained systolic and diastolic blood pressures (BP) at rest (ie, >180 mmHg and/or 100 mmHg) despite antihypertensive medication; (5) Absence of chronic diseases, such as peripheral arterial disease (ankle-brachial pressure index (ABI) <0.9), liver dysfunction, renal failure, inflammation and cerebrovascular diseases; and (6) Absence of atrial fibrillation.
Ninety-three patients were randomly assigned to receive either 20-40 mg/day of fluvastatin (group A) or the nonstatin antihyperlipidemic drug (200-400 mg/day of bezafibrate) (group B), and were followed for 5 years. Group A comprised 50 patients (21 men and 29 women, aged 51-79 years, mean 69.3±9.5 years) and group B comprised 43 patients (18 men and 25 women, aged 50-80 years, mean 69.5±9.6 years). Upon inclusion in the study, medical records of the eligible patients were reviewed. Body mass index (BMI) was calculated and the presence of other atherosclerotic risk factors, including hypertension, diabetes mellitus, hyperuricemia and their smoking status, were noted. Hypertension was defined as having a systolic BP >140 mmHg and/or a diastolic BP >90 mmHg or as using antihypertensive medication. Diabetes was defined as having a history of treatment with either insulin or oral hypoglycemic medication, and additional criteria were having a fasting plasma glucose level >126 mg/dl or a casual plasma glucose level >200 mg/dl. We also reviewed the types and distribution of antihypertensive agents in the medical records of each patient.
Patients underwent measurements for baPWV, ABI, BP, heart rate, left ventricular (LV) fractional shortening, and laboratory examinations of venous blood samples before and 3, 6, 12, 24, 36, 48 and 60 months after treatment. In the present study, the doses of fluvastatin and bezafibrate were nearly identical to those used in previous clinical studies. [18] [19] [20] [21] [22] [23] Measurements of PWV The baPWV was measured using a pulse pressure analyzer (Form/ABI, Model BP-203RPE-II; Colin Medical Technology Co Ltd, Komaki, Japan) with simultaneous recordings of bilateral brachial and ankle BP, electrocardiogram and heart sound while the participants were resting in the supine position. A detailed description of the measurements, including validity and reproducibility, is provided elsewhere. 12, 13 Heart rate was settled at 60-80 beats/min after at least 5 min rest, 2 measurements were performed on each leg, and the average values, expressed as cm/s, were used in the analysis.
Laboratory Measurements Serum levels of TC, low- 6 (12) 6 (12) 3 (7) 2
(5) -blockers (%)
7 (14) 6 (12) 5 (12) 6 (14) Diuretics (%) 5 (10) 6 (12) 5 (12) density lipoprotein-cholesterol (LDL-C), high-density lipoprotein-cholesterol (HDL-C), TG, high-sensitivity (hs) CRP, fasting plasma glucose, hemoglobin A1c, and uric acid were measured using standard methods. All blood samples were obtained in the morning after the patient had fasted, on the same day as the baPWV measurements.
Protocol 2
In a subgroup of patients (6 men and 12 women, aged 56-76 years, mean 67.2±9.5 years) who were being treated with 200-400 mg/day of bezafibrate, the patients were switched from the drug to 20-40 mg/day of fluvastatin and followed for 36 months. As in Protocol 1, patients underwent measurements for baPWV and the same laboratory examinations of venous blood samples before and 3, 6, 12, 24, and 36 months after treatment with fluvastatin.
The study protocol was approved by the Medical Ethics Committee of Shinshu University School of Medicine, and all participants gave their written informed consent before enrolment.
Statistical Analysis Data are expressed as the mean ± SD. Any differences within categorical variables, including gender and prevalence of atherosclerotic risk factors and each medication, were examined using chi-square test or Fisher's exact test. The significance of continuous variables, such as systolic and diastolic BP, heart rate, baPWV, ABI, and biochemical data of blood samples, between the groups was analyzed by two-way analysis of variance for repeated measures and Newmann -Keuls' post hoc test.
The differences in baPWV between the groups before treatment was assessed by a general linear model (GLM) multivariate analysis adjusted for mean BP. Differences in the changes for baPWV and serum CRP level between the final examination at 60 months after treatment and the initial examination before treatment were analyzed by a GLM multivariate analysis with post hoc multiple comparison, with Bonferroni's adjustments for the control of covariates that have been reported to affect the PWV and serum CRP level with continuous variables (ie, initial examination values for age, BMI, baPWV, mean BP, heart rate, serum levels of TC, LDL-C, HDL-C, TG and fasting plasma glucose, and changes in the BMI, mean BP, heart rate, serum levels of TC, LDL-C, HDL-C, TG and fasting plasma glucose during the study period) and categorical variables (ie, smoking status at initial examination and status change during the study period). To identify the effects of persistence of each atherosclerotic risk factor, the same GLM analysis was carried out. 24, 25 All analyses were performed using SPSS (vers. 11.0) for Windows (SPSS, Chicago, IL, USA), and a p-value of <0.05 was considered statistically significant.
Results
All patients completed the study protocol. There were no adverse side-effects or complications due to drug treatment and no serious inflammation occurred during the follow-up period.
Protocol 1
Baseline Patient Characteristics, baPWV, and Biochemical Data There were no significant differences in age, gender distribution, BMI, systolic and diastolic BP, heart rate, LV fractional shortening and numbers of coronary lesions between the 2 groups before treatment (Table 1) . The prevalence of atherosclerotic risk factors, such as hypertension, diabetes, hyperuricemia and smoking history, the distribution of each antihypertensive drug and the rate of treatment with aspirin were similar between the groups ( Table 1 ). The serum levels of fasting plasma glucose, hemoglobin A1c, TC, LDL-C, HDL-C, TG, baPWV, ABI and hsCRP did not differ between the groups (Table 1) .
Serial Changes in baPWV and Biochemical Data
In group A, the baPWV and serum levels for CRP and LDL-C were significantly decreased after 3 months of fluvastatin treatment. This improvement was further enhanced for the next 9 months, with the variables remaining constant thereafter (Fig 1) . In group B, similarly, the serum LDL-C level was decreased (Fig 1C) , but baPWV was significantly increased at 12 months after treatment, with the increase lasting throughout the follow-up period (Fig 1A) . There was no change in the serum CRP level (Fig 1B) . In group A, at 5 years after treatment, the percentage change in baPWV correlated significantly with that of serum CRP level (r=0.49, p<0.001) (Fig 2) , but not with that of serum LDL-C level (r=0.02, p=NS) (Fig 3) . There was no relationship between the percentage change in baPWV and that of serum levels of HDL-C or TG. The GLM multivariate analysis demonstrated that elevated BP had a significantly persistent effect on the increase in baPWV, and that an increased level of plasma glucose and the presence of dyslipidemia significantly affected the change in serum CRP level (Table 2) .
Protocol 2
The baseline clinical characteristics, baPWV and biochemical data for Protocol 2 are shown in Table 3 . Three months after being switched to fluvastatin, patients showed significant improvement in baPWV and serum CRP level despite no significant change in serum LDL-C level (Fig 4) . This improvement continued until 12 months after treatment and it was maintained up to 36 months (Fig 4) . No significant changes occurred in ABI, BP, heart rate and other clinical findings among each follow-up examination (Table 3) .
Discussion

Effects of Fluvastatin on PWV and Biochemical Markers
A number of experimental and clinical studies in the set- ting of hypercholesterolemia have shown improvement of arterial stiffness with cholesterol-lowering therapy, including treatment with statins. In the cholesterol-fed rabbits, pitavastatin exerted anti-atherogenic effects resulting in reduced aortic stiffness via alterations of activities of vascular oxidative stress, Cu/Zn superoxide dismutase, and peroxisome proliferators-activated receptors. 26 In a clinical study by Shige et al, 4 weeks of simvastatin treatment resulted in improvement of peripheral but not central PWV in patients with hypercholesterolemia. 27 In contrast, reduced large artery stiffness was observed after 3 months of atorvastatin treatment in patients with isolated systolic hypertension and normocholesterolemia. 28 Treatment with 40 mg/day of fluvastatin for 12 months improved arterial sclerosis, according to values of integrated backscatter and baPWV, in patients with hyperlipidemia. 22 Recently, Ichihara et al noted that despite the identical lowering of serum CRP level among the 3 statins, 20 mg/day of fluvastatin, but not pravastatin or simvastatin, progressively reduced baPWV in hyperlipidemic hypertensive patients, in parallel with a decrease in serum LDL-C level without changing BP, during the 12 months of treatment. 18 Non-statin antihyperlipidemic drugs, such as clofibrate and probucol, failed to improve these biomechanical and biochemical parameters. 18 Although fluvastatin possesses lipid-independent pleiotropic effects, including anti-atherogenic properties, 29, 30 its stronger antioxidative action, when compared with other statins, has been suggested as one of the possible mechanisms for improvement in aortic stiffness.
In the present study, a significant reduction in baPWV was found at 3 months after fluvastatin, which lasted up to 12 months, as well as decreases in serum LDL-C and hsCRP levels in patients with CAD and hyperlipidemia, although we did not assess its dose-dependent effects. In contrast, despite serum lipid levels also being lowered, baPWV was progressively increased and hsCRP remained unchanged, after bezafibrate during the follow-up treatment period. These findings are consistent with those by Ichihara et al. 18 In the present study, we observed that the improvement of baPWV, serum lipids and CRP was maintained until 5 years after treatment with fluvastatin. These beneficial effects were found to be independent of BP. Although we did not measure baPWV shortly after treatment and cannot offer the precise mechanisms for decreased baPWV at 3 months after fluvastatin, its action on several biochemical substances, such as nitric oxide, might cause reduced baPWV rather than an improvement in the remodeling of the vascular wall. It is of great interest that there was a significant correlation between the magnitude of improvement of baPWV and that of CRP after treatment, suggesting that the antiinflammatory action of fluvastatin might contribute to the favorable effect on arterial stiffness and its maintenance. In addition, we found that persistent elevated BP plays a role in accelerating arterial stiffness, and that increased plasma glucose level and dyslipidemia are important factors affecting serum CRP level. In the present study, a subgroup of patients who had been switched from non-statin antihyperlipidemic agents to fluvastatin showed a significant improvement in baPWV and serum CRP level until 12 months after the switch, and this improvement was maintained up to 36 months. These improvements occurred independent of BP and serum lipid levels.
It is generally recognized that PWV integrates functional and structural elements and can be regarded as an integrated index of vascular function. Many drugs affect PWV and estimates of central waveform morphology derived from arteries and, thus, it would be expected that drug interventions that lower BP would lead to a decrease in PWV. In contrast, drug-induced changes in elastic modulus, wall thickness, and diameter of the arteries resulting from vascular remodeling would be expected to directly influence the PWV independent of BP. 31, 32 Although the complete evaluation of the mechanical properties of large arteries is difficult in the clinical setting, the results of the present study demonstrate that treatment with fluvastatin is associated with improvement of baPWV, which might be attributed to favorable vascular structural changes of both the central and peripheral arteries, as assessed with baPWV, and its beneficial effects persisted for long-term period, independent of BP changes in patients with CAD and hyperlipidemia.
Limitations
There were several limitations to the present study. First, the exact prognostic value of baPWV was unclear because our study was limited to a relatively small number of patients. Second, although the beneficial effects of fluvastatin on arterial stiffness lasted up to 5 years in Protocol 1 and they were maintained up to 3 years in Protocol 2, we have no information on how long the benefits might continue in the clinical setting. Further longer follow-up studies will be required to resolve this issue. A final consideration relates to the method for measuring PWV; that is, the baPWV itself is closely dependent on BP levels during measurement. More recently a new index, the so-called cardio-ankle vascular index (CAVI), which is adjusted for BP and hypothesized to measure arterial stiffness independent of BP, has been developed as an alternative method to assess arterial distensibility, 33 and its validity and usefulness have been confirmed. 34, 35 Prospective studies using techniques measuring CAVI, as well as carotid-femoral PWV, will be necessary to confirm the results of our study.
Conclusion
We assessed the long-term effects of fluvastatin on arterial stiffness, as assessed with baPWV, serum lipids and hsCRP, in patients with CAD and hyperlipidemia. The results demonstrated that the beneficial vascular effects of fluvastatin persisted for a long period in such patients. The anti-inflammatory action of fluvastatin might contribute to the favorable effect on arterial stiffness and its maintenance.
